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[57] ABSTRACT 
A liquid crystal optical modulator having a liquid crys 
tal held between two substrates each having a light 
transmissive electrode on the surface, in which at least 
one substrate has minute alignment-treated region hav 
ing two or more kinds of liquid crystal aligning abilities 
different from each other formed and arranged on the 
same substrate. _ 

11 Claims, 3 Drawing Sheets 
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LIQUID CRYSTAL OPTICAL MODULATOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a liquid crystal optical mod 

ulator, particularly to a transmission type of liquid crys 
tal display device or liquid crystal optical modulator 
utilizing alignment control of liquid crystal molecules. 

2. Related Background Art 
In the prior art, techniques utilizing combination of 

di?'raction grating with liquid crystal have been known 
for several different purposes. 
For example, a device having grooves with periodi 

cal regularity formed on the surface of a substrate and 
provided with a liquid crystal thereon is known to have 
ability for aligning liquid crystal. Since this device is not 
specially intended to function as a diffraction grating, 
the grooves are made extremely shallow. 

It is also known to form minute gratings from materi 
als having different re?ection characteristics and com 
bine them with a liquid crystal for utilizing the polariz 
ing fimction of the gratings. In this case, also, the thick 
ness of the grating itself is not emphasized. 

Further, a phase diffraction grating is known in 
which the grating are formed with a transparent mem 
ber, and liquid crystal is disposed in the grooves on the 
grating. For example, in Japanese Patent Publication 
No. 3928/1978 and US. Pat. No. 4,251,137, it is dis 
closed as a display device or a variable color subtraction 
?lter device. However, the device disclosed in Japanese 
Patent Publication No. 3928/1978 is a device for exhib 
iting mere decorative effect and not satisfactory as a 
display element for displaying letters or images, or as an 
optical modulating element for effecting transmission or 
interception of light ?ux. 
On the other hand, the variable color subtraction 

?lter element disclosed in US. Pat. No. 4,251,137 uti 
lizes the change in diffraction effect caused by the 
change in refractive index difference between the grat 
ing and the liquid crystal for the light transmitting 
through the cell at a de?nite angle by varying the direc 
tion of the liquid crystal arranged between the diffrac 
tion gratings by action of an electrical ?eld. Firstly, 
however, this element involves a technical difficulty in 
preparation, and secondly it has a drawback of unsatis 
factory characteristics in actuation. 
Even when a relatively large An (An: refractive index 

difference) may be used with an actually available liquid 
crystal, for achieving sufficient diffraction effect, grat 
ings with greater depth of groove relative to the grating 
pitch must be formed. Particularly, while formation of a 
grating having a depth and pitch of 3 pm or less is 
optically effective, working technique for producing 
gratings with such a size requires the most advanced 
technique in semiconductor device, and such devices 
cannot easily produced. 

Next, as the problem in actuation, the liquid crystal 
con?ned in such a deep groove not only receives planar 
constraint from both upper and lower surfaces of the 
substrate, but also receives strong constraint from the 
walls on both sides of the groove in the grating. This 
means that, while the longer axes of liquid crystal mole 
cules will stably align in the groove direction. On the 
contrary, when they are desired to be in another aligned 
state by an external force, they will greatly resist against 
the force. This means that the initial aligning will not 
easily be destroyed by an external force, namely an 
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2 
electrical ?eld applied within the cell, suggesting that 
sharp voltage transmission characteristics required for 
time division characteristic cannot easily be obtained. 

It has been known in the prior art that, when thresh 
old voltage value is exceeded by applying direct current 
on a liquid crystal cell, “Williams domain” is generated 
and, when the electrical ?eld is intensified, the width or 
the pitch of the domain becomes smaller to give a dif 
fraction grating. For example, it is disclosed in Soffer et 
al: “Optical computing with variable grating mode liq 
uid crystal devices”, Proc. SPIE, 1980, 218, p. 81. 
The diffraction grating of this prior art undergoes 

change in grating pitch according to a change in volt 
age, and therefore spectral characteristics of diffracted 
light are changed. However, this diffraction grating is 
not bene?cial in maintenance of constant diffraction 
conditions and time divisional driving in which a bias 
voltage is applied. 

SUMMARY OF THE INVENTION 

An object of the present invention is to solve the 
drawbacks of the prior art as described above and pro 
vide a novel liquid crystal optical modulator. 

Further, another object of the present invention is to 
provide a liquid crystal optical modulator of high pro 
ductivity as well as of high reliability. 
The liquid crystal optical modulator gives a high 

degree of time divisional characteristics and a produc 
tion process of an optical modulator with large area 
display. 
According to an aspect of the present invention, there 

is provided a liquid crystal optical modulator compris 
ing liquid crystal held between two substrates each 
having a light-transmissive electrode on the surface, at 
least one of substrates being provided with two or more 
kinds of minute alignment-treated regions having re 
spectively liquid crystal aligning ability different from 
each other formed and arranged on the same substrate. 
According to another aspect of the present invention, 

there is provided a liquid crystal optical modulator 
comprising liquid crystal held between two substrates 
each having light-transmissive electrodes on the sur 
face, at least one of substrates being provided with two 
or more kinds of minute alignment treated regions hav 
ing respectively liquid crystal aligning ability different 
from each other formed and arranged on the same sub 
strate,and said alignment-treated region being monoaxi 
ally symmetrical. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a partial plan view showing one example 
of the substrate having minute alignment-treated re 
gions arranged thereon of the liquid crystal optical 
modulator according to the present invention, and FIG. 
1B is a sectional view showing one example of the liquid 
crystal optical modulator according to the present in 
vention. 
FIG. 2A is a partial plan view showing one example 

of the substrate having minute alignment-treated re 
gions arranged thereon of the liquid crystal optical 
modulator according to the present invention, FIG. 2B 
is a sectional view showing one example of the liquid 
crystal optical modulator according to the present in 
vention, FIG. 2C is a sectional view taken along the like 
CC’ in FIG. 2B, and FIGS. 3A, 3B and 3C are illustra 
tions showing other examples of the minute alignment 
treated regions arranged on a substrate. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention is described in detail below. 
The liquid crystal optical modulator according to the 5 

present invention comprises a ?ne alignment-treated 
regions having at least two kinds of liquid crystal align 
ing abilities different from each other arranged within 
the same substrate plane. 
Out of the two or more kinds of liquid crystal align= 10 

ing abilities different from each other, one typically 
causes homeotropic alignment and the other causes 
homogeneous alignment. These comprise a combination 
of two or more kinds of aligning abilities having any 
desired pretilt angles ranging from 0° to 90°, and the 15 
above combination of homeotropic/homogeneous 
aligning abilities is not limitative of the present inven- , 
tion. 
FIG. 1 is a basic constitutional view showing an ex 

ample of the liquid crystal optical modulator according 
to the present invention. FIG. 1A is a partial plan view 
showing an example of the substrate having minute 
alignment-treated regions arranged thereon of the liquid 
crystal optical modulator, which shows minute align 
ment-treated regions having two kinds of liquid crystal 
aligning abilities different from each other (hereinafter 
abbreviated as alignment ability region). 
For example, 14 is a homogeneous alignment ability 

region and 15 is a homeotropic alignment ability region. 
FIG. 1B is a sectional view of a liquid crystal cell com 
prising a substrate having a surface treated for such 
alignment and the other substrate having a surface 
treated for homogeneous aligning which are opposed to 
each other, and having a liquid crystal held between the 
substrates. 

11, 11' are transparent substrates such as of glass, etc., 
13, 13' are transparent electrodes, 14, 14' are homogene 
ous alignment ability regions and 15 is a homeotropic 
alignment ability region. The substrates 10 and 12 with 
such constitution are opposed to each other with a cell 
gap d which is equal to or smaller than the arrangement 
pitch P. A liquid crystal is injected into the gap. Liquid 
crystals are shown by the numerals 16, 16', and 16". 
FIG. 1B shows a typical alignment state of the present 
invention. The liquid crystals 16' and 16" take a homo 
geneous alignment in which the director of the liquid 
crystal is normal to the paper surface, while the liquid 
crystal 16 takes a homeotropic alignment in the vicinity 
of the alignment-treated surface of the homeotropic 
alignment ability region 15. In the present invention, 
actuation is based on the substantial refractive index 
difference of the two alignment states toward the inci 
dent polarized light. 

In the present invention, there are respective modes 
where diffraction occurs at initial alignment state with 
out application of voltage and modes where diffraction 
occurs on application of voltage corresponding to the 
use of positive dielectric anisotropic nematic liquid 
crystal (Np) and negative dielectric anisotropic nematic 
liquid crystal (Nn), and these modes are shown in Table 60 
1. 

TABLE 1 
Liquid ‘ Voltage application 
crystal Initial state Align- 65 

Mode used Alignment Diffraction ment Diffraction 

l-l Np [I /.L Occurrence .L Non- _ 
occurrence 
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TABLE l-continued 

Liquid Voltage application 
crystal Initial state Align 

Mode used Alignment Diffraction ment Diffraction 

l-2 Np |] Non- ]|/.L Occurrence‘ 
occurrence 

2-1 Nn .L/ H Occurrence || Non 
occurrence 

2-2 Nn 1. Non- i/[l Occurrence‘ 
- occurrence 

(Note) 
(l) H : homogeneous alignment 
(2) .L: homeotropic alignment 
(3)‘: non-diffraction at high voltage 

Example in FIGS. 1A and 1B illustrate the mode 1-1. 
In the following, description is made about the actua 
tion of the case when the mode 1-1 is adopted. As 
shown in FIG. 1B, the incident light 5 introduced to the 
optical modulating element has polarized light compo 
nents 6 and 6'. In the homogeneous alignment region 
with the liquid crystals 16’ and 16" aligned normally to 
the paper surface, the polarized light component 6 par 
allel to the liquid crystal is transmitted with an extraor 
dinary refractive index ne of the liquid crystal, while the 
polarized light component 6’ perpendicular to the direc 
tor of the liquid crystal is transmitted with an ordinary 
refractive index no. 
When the wavelength of the incident light 5 is de 

?ned as A, and the thickness of the regions in a different 
alignment state as T and the region is assumed to have 
rectangular cross-section, the diffraction ef?ciency no 
of the zero-order transmission diffraction light relative 
to the respective polarizing light components 6 and 6’ of 
the incident light may approximately be represented by 
the following equation (1): 

In the above equation, An represents the refractive 
index difference between refractive indices ne and no. 
The light component 6’ is transmitted with the refrac 
tive index noin any of the liquid crystals 16, 16', are 16". 

(1) 

Thus An being zero, m=l in equation (1), causing no 
diffraction. 
On the other hand, the polarized component 6 is 

transmitted with the refractive index ne at the liquid 
crystals 16’ and 16", and with no at the liquid crystal 16, 
thus undergoing diffraction. 
At this time, the diffraction efficiency becomes 

nm=0 when satisfying the relationship of: 
AnT=(m+L))t(m=0, 1, 2, 3, . . . ) indicating the 

maximum diffraction. 
On application of an electrical ?eld between the 

transparent electrodes 13, 13', the alignments of the Np 
liquid crystals of 16', 16” gradually approach approxi 
mate homeotropic alignment as the electrical ?eld is 
made greater, whereby the polarized light component 6 
will become sensitive only to no, whereby diffraction is 
extinguished. _ 

Since the cell basically diffracts only the polarizing 
light component 6, it is effective to use two sheets of the 
same cell superposed on one another with rotation by 
90° in order to obtain sufficient dark ?eld of vision. 
The mode 1-1 has different alignment regions in the 

apparent initial alignment which causes diffraction, 
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while the mode 1-2 occurs when the different align 
ment ability regions are made latent to give no condi~ 
tion for diffraction, namely when AnT by the initial 
alignment is suf?ciently within a small range relative to 
7t. The alignment-ability-treated surface different from 
the apparently uniform state creates a de?nite alignment 
ability region by application of an external electrical 
?eld, whereby the mode 1-2 changes toward the direc 
tion satisfying the above diffraction condition. How 
ever, in this mode 1-2, when the voltage is sufficiently 

' great, all the molecules are aligned homeotropically in 
spite of the alignment treated region, without 
causing diffraction to any incident polarizing light. That 
is, the change of the state from non-diffraction through 
diffraction to non-diffraction is caused with increasing 
electrical ?eld applied. ‘ 
Having described above about the modes 1-1 and 1-2 

as examples both employing Np liquid crystal, modes 
2-1 and 2—2 employ Nn liquid crystal. The modes 
employing Nn liquid crystal are different from those 
employing Np crystals in the phenomenum that initially 
vertically aligned Nn crystals are laid down on applica 
tion of an electric ?eld. The principle of diffraction, 
however, is the same as in Np liquid crystals. 

In the modes 1-2 and 2—2, although different align 
ing abilities are imparted to the substrate, the alignment 
by one of the aligning abilities is made latent. 

Being individually different, various parameters 
which are generally liable to give these modes are 
shown below. 
The region is stabilized when the arrangement pitch 

P is sufficiently greater than the cell gap d. On the 
contrary, as P approaches (1, the initial alignment re 
gions are made latent. As to the area ratio of the align 
ment ability regions of 14 and 15, when one area be 
comes smaller, the alignment with the smaller area is 
made latent. Depending on greatness and difference in 
the aligning abilities of the respective alignment ability 
regions 15 and 14, even one exhibiting sufficiently 
greater aligning ability as compared with the other may 
be made latent, and also no diffraction will occur if the 
difference in aligning abilities is too small. 
These are also in?uenced by the liquid crystal materi 

als or additives to be used, and also by the thickness or 
the surface state of the worked pattern formed in a 
stripe, and further by the temperature or the voltage 
during driving. In employing modes 1-2 and 2—2, they 
must have an adequately great latent aligning ability 
difference so as to create a clear aligning ability differ 
ence during application of an electrical field. In the 
former mode, a display recognizable by visual observa 
tion appearing as the initial state is extinguished by 
application of a voltage, while in the latter mode, trans 
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parent initial state under no application of voltage is - 
used ordinarily as the light-on type display in which a 
display is formed by application of a voltage. 
As examples of liquid crystal alignment abilities dif 

ferent from each other to be used in the present inven- 
tion, there are mentioned polymeric ?lms subjected to 
horizontal alignment treatment such as rubbing treat 
ment may be used for a homogeneous alignment region, 
including, for example, polyimide, polyamide, polyes 
ter, polycarbonate, polystyrene, polyvinyl chloride, 
polyvinyl alcohol, etc. subjected to rubbing treatment. 
As the vertical alignment treatment, there may be 

included surfactants having ?uorinatedcarbon chain 
(Daikin FS 150) and silicic acid esters having ?uori 
nated carbon chain (Daikin FS 116), and also quater 
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6 
nary ammonium salt surfactants (DMOAP), lecithin, 
hexadecylamine, etc. 

Otherwise, as examples taking either horizontal or 
vertical alignment depending on the liquid state or the 
liquid crystal used, there may be included inorganic 
coatings such as SiOZ, 'l‘iOg, Zr2O3, In2O3, silicon ni 
tride, etc. Also, metal coatings are analoguous materi 
als. 
The method of forming aligning abilities different 

from each other is not particularly limited, and there 
may be employed a method in which a pattern of an 
aligning ?lm is formed on another aligning ?lm as the 
subbing layer, and photolithographic method or print 
ing can be applied. ' 
For cell formation in the present invention, conven 

tional methods employed in TN display can generally 
be used, but for avoiding reverse tilt at the homoge 
neously aligned portion, rubbing treatment is effected. 
The arrowhead 7 in FIG. 1A shows the rubbing direc 
tion. By making the alignment direction in the opposing 
substrate counter to the rubbing direction 7, a uniaxial 
aligning can be obtained. 
According to another preferable embodiment of the 

present invention, there is provided a liquid crystal 
optical modulator, wherein at least one substrate has 
arrangement of two or more kinds of minute alignment 
treated regions having liquid crystal aligning abilities 
different from each other within the same substrate 
plane, the alignment-treated region being uniaxially 
symmetrical. 
FIGS. 2A, 2B and 2C illustrate the basic constitu 

tional views showing an example of the liquid crystal 
optical modulator according to the present invention. 
FIG. 2A is a partial plan view showing an example of 
the substrate having uniaxially symmetrical minute 
alignment—treated regions of a liquid crystal optical 
modulator, showing two kinds of minute alignment 
treated regions having different liquid crystal aligning 
abilities (hereinafter abbreviated as alignment ability 
regions). 
For example, 24 is a homogeneous alignment ability 

region, and 25 is a homeotropic alignment ability re 
gion. FIG. 2B is a sectional view of a liquid crystal cell 
comprising a substrate having a surface subjected to 
such alignment treatment opposed to the other substrate 
having homegeneous alignment with a liquid crystal 
held between the substrates, showing the sectional con 
stitution cell taken along the line AA’ in FIG. 2B. 

21, 21' are light-transmissive electrodes such as of 
glass, 23, 23’ are light-transmissive electrodes, 24, 24’ 
are homogeneous alignment ability regions, and 25 is a 
homeotropic alignment ability region. 
FIG. 2C is a sectional view taken along the line CC’ 

in FIG. 2B, showing the sectional constitution of the 
cell taken along the BB’ of the substrate in FIG. 2A. 26, 
26’ and 26" are liquid crystal molecules. The liquid 
crystal molecules are shown in a slender form in direc 
tion of the director thereof, the molecules aligning per 
pendicular to the paper surface are shown as circles, 
and the molecules in intermediate alignment are shown 
in intermediate length. 
The homeotropic alignment ability region 25 in FIG. 

2A is symmetrical with respect to the axis of the line 
BB’ and is arranged with a pitch P from the adjacent 
pattern. The pattern is asynmetric with respect to the 
axis of the line AA’ and has a directionality along the 
line BB’. The repeating unit of the uniaxially symmetri 
cal pattern is shown by 



4,878,742 
7 

The opposing substrate 21’ is shown as having the 
treated surface exhibiting homogeneous aligning ability. 
but it can also be made homeotropic. 

In the sectional constitutional view in FIG. 2B, in the 
vicinity of the homeotropic alignment region 25, mole 
cules are aligned approximately in a vertical direction, 
and are aligned in a horizontal direction in other homo 
geneous alignment ability region planes. Since arrange 
ment of nematic liquid crystal molecules has the prop 
erty of being aligned generally in the same direction 
through mutual actions between the adjacent mole 
cules, even in the presence of minute different align- 
ment-treated regions, the alignment will not change 
discontinuously in direct accordance to the form of the 
treated plane, but will change gradually and continu 
ously with every molecule 

Accordingly, in the alignment treatment as shown in 
FIG. 2A, firstly the molecules tend to align along the 
symmetrical axis, and secondly the molecules align with 
pretilt angles such that the area of the homeotropic 
aligning ability region will enlarge. FIG. 20 shows 
schematically the state with a pretilt angle 6 of average 
molecules in accordance with the treated pattern in 
FIG. 2A. 

In FIG. 2B, with such arrangement of liquid crystal 
molecules, the linearly polarized light normal to the 
paper surface causes diffraction with a pitch P as the 
diffraction grating as a function of the refractive index 
anisotropy An of the liquid crystals and the optical 
thickness determined by the distribution of the arrange 
ment of liquid crystals as the parameters. 

In the example in FIGS. 2A, 2B and 2C on applica 
tion of sufficient voltage to the transparent electrodes 
23, and 23', the nematic liquid crystal (Np)used having 
positive dielectric anisotropy aligns in a direction per 
pendicular to the substrate over the entire cell surface to 
become a uniform transparent state. 

Accordingly, in this example, a liquid crystal optical 
modulator is obtained, in which diffraction occurs 
under the initial state without voltage application, while 
diffraction is extinguished by application of a voltage. 

In contrast to this basic constitution, the substitution 
of the liquid crystal with negative-dielectric-anisotropy 
nematic crystal (Nn liquid crystal) will give similar 
result. Further, the selection of a pattern pitch, a form 
of the repeating unit for directionality, the cell gap, the 
kind of liquid crystal, or combination with additives or 
the like can give a state with an initial uniform aligned 
liquid crystal causing diffraction on application of volt 
age. 
FIGS. 3A, 3B and 3C illustrate another embodiment 

of arrangement and arranging method of uniaxially 
symmetrical pattern having directionality, apart from 
the pattern shown in FIG. 2A. 
For cell formation in the present invention, conven 

tional methods used in TN display may be generally 
applicable. The uniaxially symmetrical pattern having 
the directionality of the present invention, however, has 
the specific feature of particularly providing a pretilt 
angle in a certain direction with difficult formation of a 
reverse tilt. As the opposing substrate, a substrate as 
shown in FIG. 1A can be also used, but in this case it is 
necessary to effect registration betweenthe upper and 
lower substrates. Practically, for obtaining necessary 
diffraction, particularly those requiring no registration 
between upper and lower plates is preferred. Accord 
ingly, the upper and lower substrates may preferably be 
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8 
placed in such a relative position that the rubbing direc 
tion be antiparallel to each other. 
The liquid crystal optical modulator of the present 

invention, since at least one substrate is formed with 
arrangement of minute alignment-treated region having 
two or more liquid crystal alignment abilities different 
from each other within the same substrate plane, the 
diffraction pitch is obtained from the regularity of ar 
rangement, and also the above orientation treated re 
gion comprises a uniaxially symmetrical pattern having 
directionality. It is estimated that pretilt angles orient~ 
ing to a certain direction can be imparted to the liquid 
crystal molecules. 
The present invention is described in more detail by 

referring to the following Examples. 

EXAMPLE 1 

A substrate having successively laminated, a trans 
parent electroconductive film composed mainly of 
In2O3 of 300 to 500 A and a polyimide of 300 to 800 A 
on a blue- plate glass surface with a thickness of 1.1 mm, 
a length of 300 mm and a width of 300 mm, was spin 
coated with a positive type resin of a photoresin AZ 
13501 (produced by Shupley Co.) or OFPR-77 (pro 
duced by Tokyo Oka), etc. and, after it was heated at 
80° C. for 10 minutes, exposure was effected according 
to the pattern shown in FIG. 1A with a pitch of 8 pm 
and a width of stripe of 4 pm, followed by baking, 
developing with a predetermined developing solution 
and drying, and the surface was dip-coated with 0.5% 
by weight FS-l16 solution in Daifron and dried at 100° 
C. for 20 minutes. 

Then, the remaining photoresist portion was re 
moved together with FS-ll6 with the use of a release 
liquid such as acetone, MEK, etc., and further baked by 
heating at 150° C. to 200° C. for 1 hour. 
By use of the above substrate and an opposing sub 

strate treated only with the polyimide, the substrates 
applied with rubbing treatments in the directions 
counter to each other were set to face to each other 
with a space material with a gap of 3 pm provided 
therebetween, and a nematic liquid crystal RO-TN403 
produced by Hoffmann La Roche was introduced inter 
nally thereof, followed by sealing at the peripheral por 
tions to prepare a cell. 
The cell exhibited diffraction without application of 

voltage and was extinguished substantially completely 
at with application of voltage of 2 V. Voltage transmis 
sion characteristic was sharp so that time divisional 
driving at a number of 3 ciphers could be possible. 

EXAMPLE 2 

A cell was constituted in the same material constitu 
tion as in Example 1 with a pattern pitch of 3 pm, a 
stripe width of 1.5 pm and a cell gap of 1.5 pm. No 
diffraction occurred at the initial state, and a strong 
diffraction occurred at around 1.5 V. When voltage was 
increased to 3 V on the cell, diffraction was extin 
guished. 

EXAMPLE 3 

On a substrate having, successively laminated, a 
transparent electrocqnductive film composed mainly of 
In2O3 of 300 to 500 A and a polyimide of 300 to 800 A 
'on a blue plate glass surface with a thickness of 1.1 mm, 
a length of 300 mm and a width of 300 mm, was spin 
coated a positive type resin of a photoresist AZ-1350J 
(produced by Shupley Co.) or OFPR-77 (produced by 
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Tokyo Oka), etc. and, after it was heated at 80° C. for 10 
minutes, exposure was effected according to the pattern 
shown in FIG. 1A with a pitch of 8 pm and widths of 
stripe of maximum 7.2 pm and minimum 0.8 pm, a 
width of repeating unit of 10 um, followed by baking, 
developing with a predetermined developing solution 
and drying, and the surface was dip-coated with 0.5% 
by weight solution of FS-116 in Daifron and dried at 
100° C. for 20 minutes. _ 
Then, the remaining photoresist portion was re 

moved together with FS-ll6 with the use of a release 
liquid such as acetone, MEK, etc., and further baked by 
heating at 150° C. to 200° C. for 1 hour. 
By use of the substrate and an opposing substrate 

treated only with the polyimide, the polyimide substrate 
was subjected to rubbing treatment, arranged so that 
the pretilt angles may be made equal and set as opposed 
to each other with a space material with a gap of 3 pm 
provided therebetween, and a nematic liquid crystal 
RO-TN403 produced by Hoffmann La Roche was in 
troduced internally thereof, followed by sealing at the 
peripheral portions to prepare a cell. 
The cell exhibited diffraction without application of 

voltage and became transparent state at 2.2 volts with 
substantial extinguishment of the diffraction. The extin 
guishment of diffraction was uniform and no distur 
bance based on reverse tilt, etc. was observed. 

EXAMPLE 4 

A cell was constituted in the same material constitu 
tion as in Example 3 with a pattern pitch of 3 pm, stripe 
widths of maximum 2.4 pm and minimum 0.6 pm, a 
repeating unit of 4 pm, and a cell gap of 1.5 pm. There 
was obtained a cell in which no diffraction occurred at 
the state and no defect of microdomain, etc. was 
observed. When voltage of 1.8 V was applied on this 
cell, a strong diffraction occurred. 

EXAMPLE 5 

By use of the two pattern-arranged substrates used in 
Example 4, a cell was constituted with a cell gap of 2 
pm without application of rubbing such that the pre 
tilted liquid crystal molecules on the upper and lower 
substrate were mutually parallel. As the result, diffrac 
tion occurred at the initial state. When a voltage of 2.3 
V was applied on this cell, it became uniformly trans 
parent as a whole. 
As described above, the liquid crystal optical modula 

tor, since a substrate having two or more kinds of min 
ute alignment-treated regions having liquid crystal 
aligning power different from each other arranged mi 
nutely within the same substrate is used for at least one 
of the substrates, the excellent effects as mentioned 
below can be obtained. 

(1) As compared with grating formation in the prior 
art, working is easier to give higher productivity. 

(2) Chemically stable orienting agents well known in 
the art can be used without interposition of a grating 
material, etc. and high reliability can be obtained. 

(3) Since the refractive index difference of the liquid 
crystal itself is utilized, sufficiently great An value can 
be utilized, whereby desired optical characteristics can 
be obtained with a cell thickness larger than that of the 
prior art. 

(4) Since only aligning treatment of the interface is 
applied without sealing of the liquid crystals between 
narrow gratings and the threshold voltage of liquid 
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crystal is low and also the sharpness of optical change to 
voltage is great, the cell is suitable for time divisional 
driving. 

(5) Since arrangement and formation of minute align 
ment ability regions may be performed only by surface 
patterning formation such as printing, etc., large area 
processing or multi-surface preparation with one sub 
strate may be possible to give good productivity. 

(6) A pretilt angle can be et only by formation of a 
grating pattern and therefore a cell with better unifor 
mity can be prepared without entrainment of ?aws or 
dust, as compared with the case when rubbing is per 
formed. 
What is claimed is: . 
1. A liquid crystal optical modulator comprising liq 

uid crystal material held between two substrates, each 
substrate having a light-transmissive electrode on a 
surface thereof, at least one of the substrates being pro 
vided with at least two kinds of minute alignment 
treated regions formed in a regular periodic arrange 
ment with a pitch P and one of the two subtrates has 
hemeotropic aligning ability and homogeneous aligning 
ability in periodic alignment and the other substrate has 
homogeneous aligning ability, wherein the gap between 
said two substrates is no larger than P and said align 
ment-treated regions each have different liquid crystal 
aligning ability than the other regions on the same sub 
strate. 

2. A liquid crystal optical modulator according to 
claim 1, wherein a rubbing treatment is given in the 
alignment direction on the surface of the alignment 
treated region arranged on the substrate surface. 

3. A liquid crystal optical modulator according to 
claim 1, wherein said liquid crystal is nematic liquid 
crystal exhibiting positive dielectric anisotropy. 

4. A liquid crystal optical modulator according to 
claim 1, wherein said liquid crystal is nematic liquid 
crystal exhibiting‘negative dielectric anisotropy. 

5. A liquid crystal optical modulator according to 
claim 1, wherein diffraction is caused in the absence of 
applied voltage, and diffraction is extinguished in the 
presence of applied voltage. 

6. A liquid crystal optical modulator according to 
claim 1, wherein diffraction is caused in the presence of 
applied voltage, and diffraction is extinguished in the 
absence of applied voltage. 

7. A liquid crystal optical modulator according to 
claim 1, wherein a homogeneous alignment region is 
formed of a polymeric ?lm subjected to homogeneous 
alignment treatment. 

8. A liquid crystal optical modulator according to 
claim 7, wherein the polymeric ?lm is formed of poly 
imide, polyamide, polyester, polycarbonate, polysty 
rene, polyvinyl chloride or polyvinyl alcohol. 

9. A liquid crystal optical modulator according to 
claim 1, wherein the homegeneous aligning ability of 
said one substrate and the other substrate is imparted by 
a rubbing treatment. 

10. A liquid crystal optical modulator according to 
claim 9, wherein the directions of the rubbing treatment 
imparted to said one substrate and the other substrate 
are parallel to each other. 

11. A liquid crystal optical modulator according to 
claim 9, wherein the directions of the rubbing treatment 
imparted to said one substrate and the other substrate 
are crossed with each other at an angle of 90°.‘ 

* * a: ‘I * 
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